Introduction
Under physiological conditions, vascular endothelium represents a complex regulated surface maintaining an antithrombogenic potential. This pattern is shifted toward a prothrombotic state when endothelial cells (ECs) are activated by various agents such as proinflammatory cytokines (i.e., TNF and IL-1β), infectious agents, or their components (i.e., LPS) (1, 2). Endothelial activation is associated with a loss of anticoagulant surface molecules such as thrombomodulin (TM), expression of prothrombotic components such as tissue factor (TF) (3), or increased binding of coagulation factors (2, 4) . This activation can also promote interactions of ECs with circulating cells by modulation of surface adhesion molecules (5) .
A general feature of activated cells is that they can shed fragments of their plasma membranes into the extracellular space (6) . Such fragments, resulting from an exocytotic budding process, are colloquially known as microparticles (MPs). They include cytoplasmic components and membrane-derived elements such as negatively charged phospholipids or cell-surface receptors. Most of the studies have focused on circulating cells and have stressed that MPs could have an impact in the development of procoagulant and immune responses (reviewed in ref. 6 ). For example, monocyte vesiculation has been presented as a possible mechanism for dissemination of membrane-associated procoagulant activities and adhesion molecules after stimulation by LPS (7) . Similarly, upon activation by a variety of agonists, including calcium ionophore, terminal complement complex, or autoantibodies, platelets release MPs from their plasma membrane (8) . These MPs provide a catalytic phospholipid surface for assembly of factors Xa, Va, and Ca 2+ (prothrombinase complex), thereby accelerating blood coagulation (8, 9) . This procoagulant potential is corroborated by clinical studies showing elevated levels of platelet-derived MPs in patients with prothrombotic states (10) (11) (12) (13) .
Microparticles (MPs) resulting from vesiculation of platelets and other blood cells have been extensively documented in vitro and have been found in increased numbers in several vascular diseases, but little is known about MPs of endothelial origin. The aim of this study was to analyze morphological, immunological, and functional characteristics of MPs derived from human umbilical vein endothelial cells (HUVECs) stimulated by TNF, and to investigate whether these MPs are detectable in healthy individuals and in patients with a prothrombotic coagulation abnormality. Electron microscopy evidenced bleb formation on the membrane of TNF-stimulated HUVECs, leading to increased numbers of MPs released in the supernatant. These endothelial microparticles (EMPs) expressed the same antigenic determinants as the corresponding cell surface, both in resting and activated conditions. MPs derived from TNF-stimulated cells induced coagulation in vitro, via a tissue factor/factor VII-dependent pathway. The expression of E-selectin, ICAM-1, αvβ3, and PECAM-1 suggests that MPs have an adhesion potential in addition to their procoagulant activity. In patients, labeling with αvβ3 was selected to discriminate EMPs from those of other origins. We provide evidence that endothelial-derived MPs are detectable in normal human blood and are increased in patients with a coagulation abnormality characterized by the presence of lupus anticoagulant. Thus, MPs can be induced by TNF in vitro, and may participate in vivo in the dissemination of proadhesive and procoagulant activities in thrombotic disorders.
Despite an increasing interest in membrane-shed MPs, little is known about MPs of endothelial origin. In vitro experiments have established that complement proteins C5b-9 induce vesiculation of the endothelial plasma membrane and exposure of the prothrombinase enzyme complex (14) . However, characterization of major endothelial membrane antigens on these MPs has never been achieved. Furthermore, to the best of our knowledge, the existence of MPs derived from ECs has not been demonstrated in vivo. The purpose of this work was (a) to demonstrate morphologically the production of MPs by human ECs stimulated by TNF; (b) to assess the distribution of coagulation and adhesion molecules on MPs; (c) to provide evidence of endothelial MP procoagulant activity; and (d) to investigate whether these elements are detectable in healthy individuals and in patients with lupus anticoagulant (LA), an acquired coagulation abnormality known to be associated with a thrombotic tendency.
Methods
Reagents and mAb's. FITC-conjugated mAb to vitronectin receptor (anti-αvβ3 or anti-CD51, clone AMF7, IgG1) was from Immunotech (Marseille, France), and FITC-conjugated mAb to E-selectin (anti-CD62E, clone CI26CIOB7, IgG2a) was from Boehringer Ingelheim Bioproducts (Gagny, France). Unlabeled or phycoerythrin-conjugated (PE-conjugated) mAb to PECAM-1 (CD31, clone MBC782, IgG1) was from Boehringer Ingelheim. PE-conjugated anti-CD41 (clone P2, IgG1) and anti-CD14 (clone RMO52, IgG2a) were both from Immunotech. The other reagents were unlabeled mAb to ICAM-1 (CD54, IgG1; Biocytex, Marseille, France), mAb to TM (CD141, clone 3E2, IgG1; generous gift from C. Parry, Stago, Paris, France), and mAb toTF (CD142, clone TF9-9C3, IgG1; Ortho Diagnostics, Issy-Les-Moulineaux, France). Labeling FITC-F(ab′) 2 goat anti-mouse IgG (FITC-Fab) was purchased from Silenus (Eurobio, Les Ullis, France). Isotype-matched mAb of irrelevant specificity included unlabeled IgG1 (Sigma, St. Quentin-Fallavier, France), FITC-IgG1, and FITC-IgG2a (Immunotech). FITC-conjugated annexin V was purchased from Bender MedSystems (Vienna, Austria). Calibrated latex beads (0.8 and 3 µm in diameter) were from Sigma. Cell culture reagents were from Sigma, except for FCS, which was from Dominique Dutscher SA (Brumath, France). Recombinant TNF was from TEBU (Le Perray en Yvelines, France), and neutralizing anti-human TNF polyclonal antibodies were from Genzyme Diagnostics (Cambridge, Massachusetts, USA).
Patients. Thirty healthy donors and 30 patients with a diagnosis of LA were studied. The normal population was matched for age and sex with the patient population. All individuals were between 20 and 65 years old. LA patients were diagnosed according to the recommendations of the International Society of Thrombosis and Haemostasis subcommittee on antiphospholipid antibodies (15, 16) . Clinical settings of the LA were as follows: primary (n = 5) or systemic lupus erythematosus-associated (SLE-associated) antiphospholipid syndrome (n = 8); SLE or other autoimmune diseases without thrombotic manifestations (n = 6); infections (n = 4); malignancy (n = 5); and idiopathic LA (n = 2). Among the 13 patients with a history of thrombosis, 5 were being treated with oral anticoagulants while they were being studied. All patients with thrombosis were studied at least 3 months after the last thrombotic event .
EC culture. HUVECs were prepared as described previously (16, 17) . HUVECs were incubated for 24 hours with either TNF (1-100 ng/mL) with or without neutralizing anti-TNF antibody added 1 hour before treatment, or with the anti-TNF antibody alone. After 3 washes, HUVECs were rapidly detached by trypsin-EDTA for 30 seconds at 37°C and analyzed by flow cytometry. In each experiment, EC viability was determined by trypan blue exclusion tests and propidium iodide (PI) staining.
Preparation of cell culture supernatant and platelet-free plasma samples for MP analysis. Culture supernatants from flasks containing 12 × 10 6 cells were collected
Figure 1
Flow cytometric quantitation of EMPs. MPs (Gate A) were discriminated by size on an FSC/SSC cytogram (a). Only events included within gate A were further analyzed for fluorescence associated with irrelevant (b) and specific (c) labeling. Gate A was defined by excluding the first FSC channel that contained most of the background noise and by using 0.8-µm latex beads. The gate was defined to include the beads in its upper 33%. In this example EMP quantitation was done using FITC-annexin V labeling, and EDTA buffer was used as a negative control. and cleared from cell fragments by centrifugation at 4,300 g for 5 minutes. The supernatant was then ultracentrifuged at 100,000 g for 90 minutes at 10°C. Pelleted endothelial microparticles (EMPs) were resuspended in 100 µL of cell culture PBS (DMEM; 0.01 M, pH 7.2, filtered) and used immediately.
For platelet-free plasma preparation, 5-mL blood samples were drawn by venipuncture into 0.129 M trisodium citrate. MPs were extracted from whole blood within 1 hour by 2 sequential centrifugations for 15 minutes at 1,500 g, followed by a 1-minute decantation at 13,000 g to remove all the residual platelets or cell fragments of a similar size, as described (17) .
Cell and MP immunolabeling. Suspensions of 10 5 ECs were incubated with relevant mAb's (at saturating concentrations), washed twice, and incubated with FITCFab. Aliquots of 10 µL of the MP suspension were labeled at 4°C according to 3 different protocols: (a) by indirect immunofluorescence, after incubation with the first-layer mAb (10 µL at 200 µg/mL), followed by incubation with the second-layer FITC-Fab (100 µL, were set at logarithmic gain. Regions corresponding to cells or shed MPs were defined on separate protocols, using forward light scatter (FSC) versus side-angle light scatter (SSC) intensity dot plot representation. For HUVEC analysis, the cell region was defined, and mean fluorescence intensities (MFI) of the positive cell populations were measured for each antigen. MPs were defined as elements with a size less than 1.5 µm that were positively labeled by specific mAb's. EMPs were enumerated using either specific mAb or FITC-annexin V labeling (Figure 1 ), as described previously (18) . An internal standard corresponding to calibrated latex beads (Sigma) was added to samples before analysis. The diameter of the beads (3 µm, gate B) discriminated them from the MP population on the FSC-SSC cytogram. A known number of beads was added to each sample tube (e.g., 200,000), and the analysis was stopped when 20,000 beads were counted. For MP quantitation, SDs for inter-and intra-assays were 11% and 6%, respectively. Annexin V and PI were used to assess apoptosis, following manufacturer recommendations (Bender MedSystems).
Procoagulant activity of EMPs. The procoagulant properties of EMPs were evaluated by a plasma recalcification time assay measuring the plasma clotting time. Pelleted EMPs suspended in Owren-Koller buffer (Stago) were added to normal or factor VII-deficient plasma (Stago). Control clotting time was performed by mixing plasma and either Owren-Koller buffer or ultracentrifugation supernatant (MP-free). Briefly, 50 µL of plasma was mixed with buffer, supernatant, or MP suspensions (25 µL, final volume) and incubated for 5 minutes in a 37°C warmed water bath. Then, 75 µL of 0.025 M CaCl2 was added and the clotting time was measured.
SDS-PAGE and Western blotting. Confluent HUVECs and pelleted EMPs were solubilized by SDS (12%)-Nethyl maleimide (30 mM) (1 vol EMPs per 4 vol reagent). After determination of protein content (BioRad Laboratories GmbH, München, Germany) and electrophoresis, the samples were analyzed by Western blot with anti-CD31 or anti-CD51 (clone VMA 1920; Valbiotech, Paris, France) revealed by peroxidaselinked, species-specific anti-mouse Ig F(ab)′2 (Jackson ImmunoResearch Laboratories Inc., West Grove, Pennsylvania, USA). Antibody binding was revealed using a chemiluminescence kit (Valbiotech).
Electron and confocal microscopy. HUVECs were grown on 2% gelatin-coated glass slides and processed for scanning electron microscopy after a 6-hour incubation in RPMI/20% FCS with or without TNF (100 ng/mL). Cells were washed extensively in PBS and fixed in glutaraldehyde (2.5% in PBS) for 20 minutes at room temperature. Washed MPs were collected by gravity on 0.1-µm filters (4VMTP; Millipore SA, St. Quentin en Yvelines, France). Cells and MPs were then dehydrated in a graded series of ethanol (45-100%), critical-point dried in a CO2 system, mounted on specimen stubs, and gold-coated in a sputtering device. All samples were examined using an electron microscope (JEOL USA Inc., Peabody, Massachusetts, USA). For transmission electron microscopy, MPs were fixed 30 minutes in glutaraldehyde and postfixed in osmium for 30 minutes. Samples were then dehydrated in a series of acetone solutions (75-100%), soaked in araldite/acetone solution and in araldite alone for 90 minutes at 40°C, and allowed to polymerize overnight at 70°C.
For confocal laser microscopy, MPs were washed and resuspended in PBS, incubated with FITC-conjugatedmAb's, and spotted on polylysine-coated slides. Samples were mounted in Mowiol and examined with a Leica confocal laser microscope (LEIKA Mikroskopie, Wetzlar, Germany).
Statistical analysis. Differences between groups were evaluated using the nonparametric Mann-Whitney U test; P < 0.05 was considered to be significant.
Results

Release of MPs by HUVECs upon stimulation by TNF.
To view the process of MP blebbing and shedding on HUVEC surface, cells were stimulated with TNF for 6 hours and prepared for scanning electron microscopic analysis.
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The Unstimulated HUVECs displayed a cobblestone shape and a smooth surface, with a relatively low number of vesicles, presenting a sparse distribution (Figure 2a and b). After stimulation (Figure 2c ), the cells exhibited a more fusiform shape and a blebby surface -due to a marked increase in the number of vesicles, which nearly covered the cell surface. At a higher magnification (Figure 2d) , these blebs showed different diameters ranging from 0.5 to 2.5 µm (arrows). Some of the blebs were almost detached from the surface (Figure 2d, arrowhead) . Analysis of culture supernatants from TNF-stimulated cells by scanning electron microscopy showed MPs with diameters ranging from 0.1 to 1.5 µm (Figure 2 , e and f). We therefore quantitated the effect of TNF on vesiculation ( Figure 3) . In resting conditions, HUVECs released 90 ± 8 MPs per 10 3 cells in the supernatant over a 24-hour period, as determined by annexin V binding. TNF stimulation induced, in a dose-dependent manner, an increase in the number of MPs released from HUVECs by a maximum of 2.5-fold for 100 ng/mL TNF stimulation. This effect was abrogated when neutralizing anti-TNF antibody was added 1 hour prior to TNF. The antibody pretreatment alone had no effect. Apoptosis was not detectable in ECs in our conditions of TNF activation, as shown by PI and annexin V staining (data not shown). Other EC agonists were investigated for their capacity to induce vesiculation, including IL-1β (10 U/mL, 24 hours at 37°C), PMA (100 ng/mL, 24 hours at 37°C), thrombin (0.1 U/mL, 24 hours at 37°C), and calcium ionophore (100 µmol/L, 10 minutes at 37°C). MP numbers released in these conditions were similar to those obtained after TNF stimulation.
Expression and modulation of surface molecules on ECs and EMPs. We determined whether MPs displayed the same phenotype as the cells from which they came. The presence of endothelial membrane antigens involved in coagulation (TF and TM) and adhesion (E selectin, ICAM-1, αvβ3, and PECAM-1) were assessed on both HUVECs and their shed MPs using flow cytometry (Figure 4) .
Constitutive antigens of ECs, such as PECAM-1, αvβ3, ICAM-1, and TM, were present on both unstimulated cells and derived MPs. In response to a 24-hour TNF stimulation, the expression of PECAM-1 was not significantly modified on cells, whereas a 1.5-fold increase in the number of MPs expressing the corresponding antigen was observed. TNF enhanced the surface expression of αvβ3 (1.5-fold) and ICAM-1 (50-fold) on ECs concomitantly with an increase in the number of αvβ3-and ICAM-1-positive MP (3-and 4-fold, respectively). As expected, TM expression was decreased on TNF-stimulated HUVECs, and this decrease was accompanied by a slight diminution of TM-positive MPs. Inducible antigens, such as E-selectin and TF, were not detectable on resting ECs, whereas both peaked 4-6 hours after stimulation (data not shown) and presented a residual level of expression at 24 hours. It is noteworthy that TF-and E-selectin-positive EMPs were detectable after 24 hours of stimulation, compared with resting conditions ( Figure 5, b versus a) .
Representative staining patterns of MPs shed from HUVECs -stimulated by TNF or not -are illustrated in Figure 5 , a and b, respectively. No direct comparison between detection by annexin V and mAb was made because surface distribution, affinity for the respective ligands, and incubation times were different. Never-
Figure 5
Flow cytometric analysis of EMPs under resting and stimulated conditions. MPs were obtained from EC supernatants and stained with mAb's, as described in Methods. The cytograms (FL1/SSC) shown here are representative graphs of mAb binding on MPs, counted using 3-µm latex beads (gate B of Figure 1a) as an internal standard. In resting conditions (a), constitutive antigens such as PECAM-1, αvβ3, TM, and ICAM-1 were present on MPs, whereas inducible antigens such as TF and E-selectin were detectable only upon TNF stimulation (b). The horizontal bars represent the level of irrelevant mAb binding, used as control.
theless, these experiments indicate that particles found in the supernatant bore a substantial proportion of the antigens found on the corresponding cell.
TNF-generated procoagulant activity is associated with EMPs. In view of the EC changes suggesting a switch toward a procoagulant activity, the functional consequences of TF induction and TM downregulation were investigated. Accordingly, the procoagulant activity of MPs shed from 24-hour TNF-stimulated HUVECs was assessed by a clotting assay. A dose-response curve was established by incubating dilutions of the MP suspensions ( Induction of TF on EMPs suggests that their procoagulant activity can be accounted for by activation of the extrinsic pathway of the coagulation system. To test this hypothesis, a factor VII-deficient plasma was used, allowing only intrinsic pathway involvement. In these conditions, a small decrease of the clotting time was observed after addition of MPs derived from TNF-stimulated HUVECs (a decrease of 5-30%). MPs obtained from control HUVECs or from HUVECs stimulated in the presence of anti-TNF antibody had a similar effect on the clotting time (5-15% decrease) .
Identification of EMPs in peripheral blood. The demonstration that HUVECs and shed EMPs shared the same antigens was used to select a marker, or a combination of markers, that could allow the detection of EMPs in human plasma. We selected constitutive antigens that are highly expressed by ECs to ensure the most discriminative labeling of MPs. Accordingly, αvβ3 was used in combination with PECAM-1 to label MPs derived from HUVECs. As illustrated in Figure 7a , the whole MP population analyzed was double labeled. Biochemical evidence that EMPs express αvβ3 and PECAM-1 was provided by Western blot analysis on HUVEC and EMP lysates. Similar bands, at approximately 150 kDa for αvβ3 and 130 kDa for PECAM-1, were revealed on both HUVECs and EMPs (Figure 7b) . Moreover, confocal laser microscopy showed αvβ3-and E-selectin-positive elements of less than 1.0 µm in diameter (Figure 8 , c and d). Using transmission electron microscopy, TNFinduced EMPs appear as rounded vesicular structures with diameters ranging from 0.1 to 0.05 µm (Figure 8a) .
In vivo-generated MPs revealed vesicular structures with diameters ranging from 0.1 to 1.0 µm (Figure 8e) . Compared with those generated in vitro, these MPs appeared larger, more electron dense, and presented a more regular shape. The feasibility of MP detection using PECAM-1/αvβ3 double labeling was then investigated in normal human blood. Based on the control staining defined by irrelevant antibodies (Figure 7c ), approximately 10% of MPs analyzed bound PECAM-1 and αvβ3 (Figure 7d ), whereas about 90% were found to be positive only for PECAM-1, which is known to be expressed on blood cells. Because low levels of αvβ3 have been detected on platelets and monocytes, doublelabeling experiments using anti-αvβ3 in combination with anti-CD41 or anti-CD14 were also performed. In both cases, no double-positive events were detectable; the proportion of αvβ3-labeled events was approximately 10%, whereas those positive for CD41 and CD14 represented 80% and 5%, respectively ( Figure 7 , e and f). These proportions of CD41-positive MPs versus αvβ3-positive elements were confirmed by confocal laser microscopy ( Figure 8, g and h) . Altogether, these experiments show that αvβ3 is not detectable on platelet-and monocyte-derived MPs and can be used to selectively discriminate EMPs in blood. Red blood cell, lymphocyte, and other leukocyte markers (glycophorin A, CD4, and CD45, respectively) were also found to be negative on αvβ3-labeled MPs (data not shown).
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Figure 6
Plasma clotting time in the presence of EMPs. MPs were extracted by ultracentrifugation from the culture supernatant of unstimulated HUVECs (open circles), HUVECs incubated with anti-TNF antibody alone (filled triangles), anti-TNF antibody before TNF (100 ng/mL) (filled squares), and TNF (100 ng/mL) alone (filled diamonds). Various numbers of EMPs in suspension were added (10 µL corresponded to the number of MPs derived from 10 5 cells) to a chronometric test of normal (a) and factor VII-deficient (b) plasma clotting (Howell time). Data are expressed in absolute clotting times (measured in seconds).
Quantitation of EMPs in blood samples from LA-positive patients.
Because part of the MPs present in peripheral blood are of endothelial origin, we used αvβ3 to evaluate their number in 30 healthy individuals in comparison with a population presenting a thrombotic risk, such as LA-positive patients. Mean values of 37,000 ± 9,000 MPs/mL of plasma (± SD) were measured in healthy individuals, with no difference in EMP number linked to age and sex. The MP count was significantly higher in patients with LA, with mean values of 76,500 ± 64,000/mL of plasma (P = 0.001; Figure 9 ). Moreover, EMP count was significantly higher in patients who developed a thrombotic complication than in those who did not (102,000 ± 92,000 vs. 55,000 ± 19,000, respectively); results of the Mann-Whitney U test were P = 0.0074, even when the patient with the highest level of endothelial EMPs was excluded from the analysis. Interestingly, in the patients with thrombotic complications who received oral anticoagulants, the level of EMPs was not reduced when compared with untreated patients. Conversely, the highest EMP counts were found in 4 out of the 5 patients treated with coagulants.
Discussion
The present study led to 2 complementary in vitro and in vivo observations, allowing us to demonstrate that EMPs are present in human peripheral blood. In vitro, TNF induces vesiculation of the endothelial plasma membrane, which results in the release of MPs displaying the same coagulant and adhesive receptors as their cell of origin. TNF increased the amount and procoagulant activity of MP by way of a TF/factor VII-dependent pathway, indicating a link between inflammation and hemostasis. In normal individuals, we observed a basal level of EMPs, which was significantly enhanced in patients presenting a prothrombotic abnormality, namely the presence of antiphospholipid (aPL) antibodies with LA activity.
Scanning electron microscopy was used to show the release of MPs from ECs stimulated by TNF, whereas fewer of such membrane formations were observed on control cells. MPs were defined as the sedimented material obtained by ultracentrifugation of cell supernatants, with diameters between 0.1 and 1.5 µm, a size close to that defined for platelets (18, 19) . Transmission electron microscopy shows MP structure consistent with previous reports (20) .
Endothelial membrane vesiculation can be triggered by a variety of agonists, including C5b-9, thrombin, and calcium ionophore (14) . In our study, TNF was selected because it can switch ECs toward a procoagulant and proadhesive endothelial phenotype (21) and can induce apoptosis (22) . A functional link exists between this phenomenon and vesiculation, because it has been shown that the release of MPs is an early feature of apoptosis (8) . However, in the present study, the generation of MPs occurs without the triggering of apoptosis itself. The release of MPs by unstimulated endothelium implies an ongoing vesiculation, consistent with the basal level of MPs detected in the plasma of healthy subjects. It suggests that endothelial vesiculation does occur under physiological conditions, as demonstrated for platelets (12, 13, 23) .
Comparative phenotypic analysis, determined in the presence and absence of TNF, demonstrated a strict relationship in the expression of coagulant and adhesive receptors between HUVECs and their derived particles. Moreover, when cells were stimulated by TNF, the number of MPs positive for each mAb was higher than that obtained with unstimulated cells, except for TM, in agreement with its downregulation induced by TNF stimulation (21) . Following TNF stimulation, decreased expression of TM and persistence of TF strongly suggested the thrombin-generating capacity of MPs, as confirmed by the clotting assay. Our data indicate that MPs derived from TNF-stimulated HUVECs support thrombin generation by way of a TF/factor VII-mediated pathway, because these MPs generated thrombin more slowly in factor VII-deficient plasma than in normal plasma. However, because a remaining clotting effect was observed in the presence of this deficient plasma, it can be hypothesized that MP procoagulant activity was partly due to the presence of PS and other negatively charged phospholipids able to trigger the extrinsic pathway independently of TF. Also, it is likely that MPs from unstimulated ECs poorly support prothrombinase activity, as suggested by the weak clotting activity observed for unstimulated endothelium.
MPs derived from stimulated HUVECs also expressed adhesive molecules such as E-selectin, ICAM-1, and αvβ3, showing that, in addition to their procoagulant activity, they may have an adhesive potential. It is noteworthy that, like TF, E-selectin is still expressed on EMPs 24 hours after TNF stimulation. MPs derived from monocytes stimulated by LPS expressed both procoagulant and proadhesive phenotypes, as a result of the simultaneous expression of functional TF, PS, and CD11b/CD18 integrin (7). The adhesive potential of MPs shed from leukocytes was demonstrated by their capacity to adhere to and activate ECs (24) . Similarly, MPs released by activated platelets aggregate neutrophils (19) , modulate monocyte-EC interactions (25) , and adhere to fibrinogen, thereby promoting platelet adhesion (26) . In our observation, the presence of αvβ3 on MPs also suggests that they could mediate heterotypic cell adhesion in the presence of fibrinogen, in agreement with recent observations showing that αvβ3 is involved in platelet adhesion to the luminal side of activated ECs in the presence of fibrinogen (27) .
The fact that clinical studies have extensively documented MPs from platelets and other blood cells, but not from endothelium, is presumably related to the low number of EMPs in circulating blood and to the limited number of endothelial-specific markers. Among the molecules selected here for EMP immunophenotyping, only E-selectin is specific for the endothelium (28) . However, in normal individuals, as well as in patients, MPs were not detectable with this marker (not shown). This may be because these MPs come from resting ECs, which do not express E-selectin. Thus, we used an mAb directed against the αv subunit of αvβ3, the predominant integrin expressed by the endothelium (300,000 sites per cell) (29) . Using αvβ3/PECAM-1 double staining, we observed a major αvβ3-negative population, defined as "nonendothelial," and a minor αvβ3-positive population, defined as "endothelial," representing about 10% of the MPs analyzed. Although αvβ3 was also described on platelets and monocytes, it was as a minor component, because we determined its levels on these cells to be less than 800 sites on platelets and 5,000 sites on monocytes (not shown). In addition, αvβ3 is mostly present in the surface-connected canalicular system, including that of α granules (30) . We ruled out the fact that αvβ3 could be detectable on
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Figure 8
Transmission electron and confocal laser microscopy of MPs. Transmission electron microscopy appearance of MPs generated in vitro (a) or in vivo (e), i.e., isolated from normal plasma (final magnification: ×25,000). In confocal laser microscopy, MPs appeared as elements with a diameter less than 1 µm and stained for αvβ3 (c) and E-selectin (d) in vitro. In vivo-generated MPs expressed αvβ3 (g) and CD41/GPIIbIIIa (h). In this case, the majority of the elements were positive for CD41 (h), whereas only about 10% were positive for αvβ3 (g), confirming that they originate from ECs (final magnification: ×1,000). (b and f) Negative staining using isotope control IgG1.
MPs derived from platelets or monocytes by doublelabeling experiments that showed the lack of coexpression with CD41 or CD14. Because the numbers of αvβ3-and αvβ3/PECAM1-positive events were comparable in our samples, we inferred that αvβ3 was selective enough to discriminate EMPs in whole blood. For the first time, we believe, EMPs are in evidence in normal human plasma and are found to be increased in patients selected according to a biological abnormality, namely being positive for LA. This coagulation abnormality is well recognized to be strongly associated with a thrombotic tendency (31, 32) . This association has been termed antiphospholipid syndrome (APS). Moreover, among the LA-positive patient population, those who experienced thrombotic events had higher numbers of EMPs than the thrombosis-free patients. It is noteworthy that SLE patients without LA manifested EMP levels similar to those of controls. Although the hypothesis of antibody-mediated alteration of the vascular endothelium predominates (33), the pathogenic basis of the prothrombotic effect of aPL remains unclear. Various endothelial-dependent mechanisms have been proposed, such as imbalance of prostacyclin/thromboxane biosynthesis (34), interference with the protein C/TM anticoagulant pathway (35) , impairment of the heparin sulfate/antithrombin-dependent inhibition of coagulation proteases (36) , alterations of fibrinolysis (37), induction of celladhesive receptors for leukocytes (38) , or modification of annexin V exposure (39) . Recent studies have focused on the role of aPL in the induction of the TFdependent procoagulant pathway -immunoglobulin fractions containing aPL (40) or mAb's raised from patients with APS (41) -bound to cultured ECs and induced TF activity and mRNA, which may lead to a prothrombotic state. Moreover, in a thrombosis model, plasma aPL antibodies from patients induced procoagulant activity, in synergy with suboptimal concentrations of TNF (42) . Because EMPs detected in patients were not analyzed functionally, their pathophysiological significance in vivo remains to be determined. However, the multiple-parameter characterization performed in vitro suggests that their release into the circulation could disseminate procoagulant and proadhesive activities, and thereby may contribute to the prothrombotic tendency of these patients. Moreover, the sustained presence of TF and E-selectin on EMPs may confer to these elements a crucial role in localizing the hemostatic process at a distance from the site of endothelium vesiculation. This generation of EMPs could represent a novel control mechanism of the coagulation system by ECs seen in inflammatory and thrombotic syndromes.
Figure 9
Flow cytometric analysis of EMPs in the plasma from healthy donors (n = 30; open triangles) and LA patients (n = 30; all circles) was performed using FITC-anti-αvβ3 labeling. EMPs were quantitated in plasma as described in Methods. Among the LA patients 15 had a history of thrombosis (filled circles). The difference between groups was analyzed by the Mann-Whitney U test.
